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(54) Vertical cavity organic laser 

(57) An organic laser cavity device (10), that in- 
cludes: a first dielectric stack (30) for receiving and 
transmiting pumped beam liglit (60) and being reflective 
to laser light over a predetermined range of wavelengths 
and having a substantially low threshold for optical ex- 
citation; an organic active region (40) for receiving the 
transmitted pumped beam light (60) and laser light from 
the first dielectric stack (30), and emits the laser light; a 



second dielectric stack (50) for reflecting the transmitted 
pumped beam light and the laser light from the organic 
active region (40) back into the organic active region 
(40), wherein a combination of the first and second die- 
lectric stacks and the organic active region (40) outputs 
the laser light (70); and an external self-contained pho- 
ton source (65) of the pumped beam light cooperating 
with the organic laser cavity for optica! excitation at the 
substantially low threshold. 
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Description 

[0001] The invention relates generally to the field of vertical cavity organic lasers, and in particular to using non- 
conventional pump beam photon sources to produce laser emissions. More specifically, the invention relates to using 
5 self-contained photon sources wherein the energy source for producing photons are chemical, radiological, and bio- 
logical reactions. 

[0002] Laser light producing devices have a myriad of applications Including communications, guidance systems, 
surveying, emergency rescue, and military applications. Current laser systems require complex, expensive, and fragile 
electronic circuits, components, and batteries or other electronic power sources. Metals are required in the construction 
10 of these systems and are susceptible to detection due to this metallic content. These systems also produce residual 
electrical emissions that could interfere with other electronic/electrical systems. 

[0003] Vertical cavity surface emitting lasers (VCSELs) based on inorganic semiconductors (e.g. AIGaAs) have been 
developed since the mid-80's (Susumu Kinoshita et al., IEEE Journal of Quantum Electronics, Vol. QE-23, No. 6, June 
1987, pages 882-888). They have reached the point where AIGaAs-based VCSELs emitting at 850 nm are manufac- 

15 tured by a number of companies and have lifetimes beyond 1 00 years (Kent D. Choquette et al., Proceedings of the 
IEEE 86, Vol. 85, No. 11 , November 1 997, pages 1 730-1 739). With the success of these near-infrared lasers, attention 
In recent years has turned to other Inorganic material systems to produce VCSELs emitting in the visible wavelength 
range (C. Wilmsen et al., Vertical-Cavity Surface-Emining Lasers, Cambridge University Press, Cambridge, 2001). 
There are many potential applications for visible lasers, such as. display, oplical storage reading/writing, laser printing, 

20 and short-haul telecommunications employing plastic optical fibers (T Ishigure et al.. Electronics Letters, Vol. 31 , No. 
6, March 16, 1995, pages 467-469). In spite of the worldwide efforts of many industrial and academic laboratories, 
much work remains to be done to create viable laser diodes (either edge emitters or VCSELs) that produce light output 
that spans the visible spectrum. 

[0004] In an effort to produce visible wavelength VCSELs it would be advantageous to abandon inorganic-based 

25 systems and focus on organic-based laser systems, since organic-based gain materials can enjoy a number of advan- 
tages over inorganic-based gain materials in the visible spectrum. For example, typical organic-based gain materials 
have the properties of low unpumped scattering/absorption losses and high quantum efficiencies. In comparison to 
inorganic laser systems, organic lasers are relatively inexpensive to manufacture, can be made to emit over the entire 
visible range, can be scaled to arbitrary sl7e and, most importantly, are able to emit multiple wavelengths (such as red, 

30 green, and blue) from a single chip. Finally, organic lasers have a very large gain bandwidth, especially in comparison 
with inorganic lasers. Overthe past number of years, there has been increasing interest in making organic-based solid- 
state lasers. The laser gain material has been either polymeric or small molecule and a number of different resonant 
cavity structures were employed, such as, microcavity (see Kozlov et al., U.S. Patent No. 6,160,828 issued December 
12, 2000, titled "Organic Vertical-Cavity Surface- Emitting Laser"'), waveguide, ring microlasers, and distributed feed- 

35 back (see also, for instance, G. Kranzelblnder et al., Rep. Prog. Phys. 63, (2000) pages 729-762 and M. Diaz-Garcia 
et al., U.S. Patent No. 5,881,083 issued March 9, 1999, titled "Conjugated Polymers As Materials For Solid State 
Laser"). A problem with all of these structures is that in order to achieve lasing It was necessary to excite the cavities 
by optical pumping using another laser source. It is much preferred to electrically pump the laser cavities since this 
generally results in more compact and easier to modulate structures. 

40 [0005] A main barrierto achieving electrically pumped organic lasers is the small carrier mobility of organic material, 
which is typically on the order of 10"^ cm2/(V-s). This low carrier mobility results in a number of problems. Devices with 
low carrier mobilities are typically restricted to using thin layers in order to avoid large voltage drops and ohmic heating. 
These thin layers result in the lasing mode penetrating into the lossy cathode and anode, which causes a large increase 
in the lasing threshold (see V.G. Kozlov et al., Journal of Appl. Physics, Vol. 84, No. 8, October 15, 1998, pages 

4s 4096-4108). Since electron-hole recombination In organic materials Is governed by Langevin recombination (whose 
rate scales as the carrier mobility), low carrier mobilities result in orders of magnitude having more charge carriers than 
singlet excitons; one of the consequences of this is that charge-induced (polaron) absorption can become a significant 
loss mechanism (N . Tessler et al., Applied Physics Letters, Vol. 74, No. 1 9, May 1 0, 1 999, pages 2764-2766). Assuming 
laser devices have a 5% internal quantum efficiency, using the lowest reported lasing threshold to date of --100 W/ 

so cm2 (M. Berggren et al.. Nature, Vol. 389, October 2, 1997, pages 466-469), and ignoring the above mentioned loss 
mechanisms, would put a lower limit on the electrically-pumped lasing threshold of 1000 A/cm^. Including these loss 
mechanisms would place the lasing threshold well above 1000 A/cm2, which to date is the highest reported current 
density, which can be supported by organic devices (Nir Tessler, Advanced Materials, 1998, 10, No. 1 , pages 64-68). 
[0006] One way to avoid these difficulties is to use crystalline organic material instead of amorphous organic material 

55 as the lasing media. This approach was recently taken (J. H. Schon. Science, Vol. 289, July 28, 2000, pages 599-601 ) 
where a Fabry-Perot resonator was constructed using single crystal tetracene as the gain material. By using crystalline 
tetracene, larger current densities can be obtained, thicker layers can be employed (since the carrier mobilities are on 
the order of 2 cm2/(V-s)), and polaron absorption is much lower. Using crystal tetracene as the gain material resulted 
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in room temperature laser threshold current densities of approximately 1500 A/cm^. 

[0007] An alternative to electrical pumping for organic lasers is optical pumping by Incoherent light sources, such 
as, light emitting diodes (LEDs), either inorganic (M. D. McGehee et al., Applied Physics Letters, Vol. 72, No. 13, March 
30, 1998, pages 1536-1538) or organic (Berggren et al., U.S. Patent No. 5.881 ,089 issued Mar. 9, 1999, titled "Article 

5 Comprising An Organic Laser"). This possibility is the result of unpumped organic laser systems having greatly reduced 
combined scattering and absorption losses (--0.5 cm '') at the lasing wavelength, especially when one employs a host- 
dopant combination as the active media. Even taking advantage of these small losses, the smallest reported optically 
pumped threshold for organic lasers to date is 100 W/cm^ based on a waveguide laser design (M. Berggren et al., 
Nature 389, October 2, 1997, pages 466-469). Since off-the-shelf inorganic LEDs can only provide up to ~20 W/cm^ 

10 of power density, it is necessary to take a different route to enable optically pumping by incoherent sou rces. Additionally, 
in order to lower the lasing threshold it is necessary to choose a laser structure that minimizes the gain volume. 
[0008] Undesirable electrical noise can be emitted from LEDs and require an external power supply, along with 
electronic components/circuitry to operate. These circuits are usually metallic and can be detected in covert situations. 
Damage to these LEDs and supporting circuitry can occur from external electromagnetic emissions. 

15 [0009] What is needed is a reliable, robust, laser light producing device capable of producing a laser emission in 
extreme environments without the previously mentioned limitations of conventional electrical sources and supporting 
circuitry that power the laser light producing device. 

[0010] The need is met according to one embodiment of the present invention by providing an organic laser cavity 
device, that includes: a first dielectric stack for receiving and transmitting pumped beam light and being reflective to 

20 laser light over a predetermined range of wavelengths and having a substantially low threshold for optical excitation; 
an organic active region for receiving the transmitted pumped beam light and the laser light from the first dielectric 
stack, and emitting the laser light; a second dielectric stack for reflecting the transmitted pumped beam light and the 
laser light from the organic active region bacl< into the organic active region, wherein a combination of the first and the 
second dielectric stacks and the organic active region outputs the laser light; and an external self-contained photon 

25 source of the pumped beam light cooperating with the organic laser cavity device for optical excitation at the substan- 
tially low threshold. 

[0011] The advantages of the invention are the capability of producing a laser emission without residual electromag- 
netic emissions, high metal content components, batteries and other electronic power sources, and electronic circuits 
and components. Other advantages include long duration laser emissions, long inactive storage capacity, robust phys- 
30 ical configurations, few required components, variable physical configurations, and variable laser emission configura- 
tions. In addition, the ability, according to the present invention, to modulate a laser emission with an audio signal such 
as a human voice. 

[0012] The above and other objects, features, and advantages of the present invention will become more apparent 
when taken in conjunction with the following description and drawings wherein identical reference numerals have been 
35 used, where possible, to designate identical features that are common to the figures, and wherein: 

Fig. 1 is a schematic cross-section view of a vertical cavity organic laser device made in accordance with the 
present invention; 

Fig. 2 is a schematic cross-section view of another embodiment of a vertical cavity organic laser device made in 
40 accordance with the present invention; 

Fig. 3 Is a schematic cross-section view of a phase-locked organic laser array; 

Fig. 4 is a schematic cross-section view of a chemically powered laser flare in an inactivated state made in ac- 
cordance with the present invention; 

Fig. 5 is a schemata cross-section view of a chemically powered laser flare in an activated state made in accord- 
45 ance with the present Invention; 

Fig. 6 is a schematic cross-section view of a chemically powered laser flare In an inactivated state with interchange- 
able mounting tips made in accordance with the present invention; 

Fig. 7 is a schematic cross-section view of a modularly configured chemically powered laser flare In an activated 
state with a non-deployed time delay actuator made in accordance with the present invention; 
50 Fig. 8 is a schematic cross-section view of a dart-configured chemically powered laser flare in an inactivated state 

with interchangeable mounting tips made in accordance with the present invention; 

Fig. 9 is a schematic cross-section view of a modularly and dart-configured chemically powered laser flare with a 
time delay actuator in an inactivated state made in accordance with the present invention; 
Fig. 1 0a is a schematic cross-section view of a first section of a modularly and dart-configured chemically powered 
55 laser flare in an inactivated state made in accordance with the present invention; 

Fig. 10b is a cross-section view of a second section of a modularly and dart-configured chemically powered laser 
flare in an inactivated state made in accordance with the present invention; 

Fig. 1 0c is a schematic cross-section view of a guidance fin assembly for a modularly and dart-configured chem- 



3 



BNSDOCID: <EP 141 1604A2J_> 



EP1 411 604 A2 



ically powered laser flare made in accordance with the present invention; 

Fig. 11 is a schematic cross-section view of a modularly and dart-configured chemically powered laser flare in an 
inactivated state with a deployed time delay actuator made in accordance with the present invention; 
Fig. 1 2 is a schematic cross-section view of a modularly and dart-configured chemically powered laser flare in an 
5 activated state with a deployed and actuated time delay actuator made in accordance with the present invention; 

Fig. 1 3a is a schematic cross-section view of a chemically powered laserflare in an inactivated state with a shrouded 
laser array made in accordance with the present invention; 

Fig. 13b is a schematic cross-section view of a dart-configured chemically powered laserflare in an inactivated 
state with a shrouded laser array made in accordance with the present Invention; 
10 Fig. 13c is a schematic cross-section view of a dart-configured chemically powered laser flare in an inactivated 

state with an exposed laser array made In accordance with the present invention; 

Fig. 13d is a schematic cross-section view of a dart-configured chemically powered laser flare in an inactivated 
state with a hemispheric laser array made in accordance with the present invention; 

Fig. 13e is a schematic cross-section view of a dart-configured chemically powered laser flare in an inactivated 
^5 state with a polyhedron laser array made in accordance with the present invention; 

Fig. 13f is a schematic cross-section view of a dart-configured chemically powered laser flare in an inactivated 
state with a cylindrical laser array made in accordance with the present invention; 

Fig, 14a is a schematic cross-sectional front view of a disk-shaped chemically powered light source, in an inacti- 
vated stale, for use in conjunction with a laser array made in accordance with the present invention; 

20 Fig. 14b isaschematiccross-sectionalside view of a disk-shaped chemically powered light source, man inactivated 

state, for use in conjunction with a laser array made in accordance with the present Invention; 
Fig. 15a is a schematic cross-sectional front view of a ring-shaped chemically powered light source, in an inacti- 
vated state, for use in conjunction with a laser array made in accordance with the present invention; 
Fig. 15b is a schematic cross-sectional side view of a ring-shaped chemically powered light source, in an inactivated 

25 state, for use in conjunction with a laser array made in accordance with the present invention; 

Fig. 1 6a is a schematic cross-sectional side view of a disk-shaped chemically powered light source, in an inactivated 
state, attached to a laser array which is partially obscured by a [by a] mask made in accordance with the present 
invention; 

Fig. 16b is a schematic cross-sectional front view of a disk-shaped chemically powered light source, in an inacti- 
30 vated state, attached to a laser array made in accordance with the present invention; 

Fig. 1 6c is a schematic cross-sectional front view of a disk-shaped chemically powered light source, in an inacti- 
vated state, attached to a laser array which is partially obscured by a mask made in accordance with the present 
invention; 

Fig. 1 7a is a schematic cross-sectional side view of a ring-shaped chemically powered light source, in an inactivated 
55 state, attached to a laser array incorporating a baffle and cone/mirror assembly which can vibrate by sound made 

in accordance with the present invention; 

Fig. 1 7b is a schematic cross-sectional side view of a ring-shaped chemically powered light source, in an inactivated 
state, attached to a laser array incorporating a baffle and cone/mirror assembly which can vibrate by sound to 
modulate the laser emission made in accordance with the present invention; 
40 Fig, 1 8a is a perspective view of a chemically illuminated laser signaling device, in a closed, inactivated state made 

in accordance with the present invention; 

Fig. 18b is a perspective view of a chemically illuminated laser signaling device, in an opened, activated state 
made in accordance with the present invention; 

Fig. 1 9 is a perspective view of a chemically illuminated flexible sheet laser emitter in accordance with the present 
43 Invention; 

Fig. 20a is schematic cross-sectional side view of a chemically Illuminated flexible sheet laser emitter in an inac- 
tivated stale in accordance with the present invention; 

Fig, 20b is schematic cross-sectional side view of a chemically Illuminated flexible sheet laser emitter in an inac- 
tivated state in accordance with the present invention; 
so Fig. 21 Is a perspective view of a radio illuminated flexible sheet laser emitter in accordance with the present 

invention; 

Fig. 22 is schematic cross-sectional side view of a radio illuminated flexible sheet laser emitter in an inactivated 
state in accordance with the present invention; 

Fig. 23 is a perspective view of a radio illuminated laser emitter in accordance with the present invention; 
55 Fig. 24 is schematic cross-sectional side view of a radio illuminated laser emitter in accordance with the present 

invention; and 

Fig. 25 is schematic cross-sectional side view of a radio illuminated multi-wavelength laser emitter 
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[0013] To facilitate understanding, identical reference numerals have been used, where possible, to designate iden- 
tical elements that are common to the figures. 

[001 4] A VCSEL-based microcavity laser satisfies the criterion of low lasing threshold. Using VCSEL-based organic 
laser cavities should enable optically pumped power density thresholds below 5 W/cm^. As a result, practical organic 
5 laser devices can be driven by optically pumping with a variety of readily available, incoherent light sources, such as 
self-contained photon sources. Herein, self-contained photon sources are photon sources wherein the energy source 
for emission of light are chemical, radiological, and biological reactions directly producing photons. These self-con- 
tained photon sources do not require external electrical connections for their operation. 

[0015] Several types of self-contained photon producing processes that do not have electrical noise characteristics 
10 can include; incandescence, luminescence, blolumlnescence. themrioluminescence, fluorescence, phosphorescence, 
and radioluminescence photon processes. 

[0016] Radioluminescence (RL) is the generation of photons by a light-producing medium after the absorption of 
energy from the decay of radioactive particles. Since RL is powered by the decay of radioactive isotopes, external 
electrical power supplies are unnecessary. 

15 [0017] Fluorescence is defined as light emission from an excited singlet state of a molecule or an atom. Fluorescence 
is the emission of light by a substance which is Itself exposed to electromagnetic radiation, especially light. Incident 
light excites electrons to higher electronic energy levels, and a subsequent return to the ground state causes fluores- 
cence. A common fluorescent substance is fluorescein, a dye that shows an intense green fluorescence. Fluorescent 
"whitening" agents added to detergents work by converting ultraviolet light incident on them into visible light. Fluores- 

20 cence differs from phosphorescence in that fluorescence ceases within about a microsecond of the stimulus ceasing, 
whereas phosphorescence can persist for minutes. 

[0018] Phorphorescence is defined as light emission from an excited triplet state of a molecule or an atom. Phor- 
phorescence proceeds from excited electronic energy levels such that transitions to the unexcited or ground state of 
the system are "forbidden." This forbidden character results in much slower light emission rates. 

25 [0019] The production of blolumlnescence is the result of an oxidation reaction (or, 'burning reaction') involving a 
chemical compound, luclferin, and a specific enzyme, luciferase, which aids in the oxidation process. Luclferin is a 
light emitting compound which may be acquired by an organism through intemal synthesis or externally through diet. 
It is a water-soluble compound, produced in the cells of the organism, known as intracellular luminescence, or rt also 
may be generated outside the cell in extraceltuar luminescence. Luclferin may be stored under an area of transparent 

30 cuticle in the light organ, where a layer of dense tissue may be found behind the luclferin, acting as a reflector. 

[0020] In order to produce light in the chemical reaction, luclferin should, preferably be oxidized with the aid of the 
natural enzyme, luciferase, an oxygenase (adds oxygen to compounds) which requires a substrate (luclferin) and 
oxygen (also may require salt) to excite electrons to make them transfer to a higher energy orbital. It is as such electrons 
fall back into their initial groundstate that light is emitted. The reaction responsible for blolumlnescence may be ex- 

35 pressed thus: 

luclferin + luciferase + 02 + salt > oxyluciferin + H20 + light + heat. 

40 [0021] The reactants of the reaction may be bound collectively as a photoprotein and may be triggered to generate 
light by a calcium ion (Ca2+)(22). It may also be noted that oxyluciferin reverts into luclferin in order to repeat the 
process to produce light and that although heat is a by-product of the reaction, there is little heat emitted from the 
reaction in relation to artificial methods of light production. The firefly, for use of an example, is known to be one of the 
most efficient lighting systems: though dim, the light of the firefly is approximately 90.0% efficient, with at least 3,0% 

45 energy lost to heat. The average lightbulb, however, Is only approximately 3.0% efficient, with an energy loss to heat 
of 97.0%. 

[0022] Bioluminescent reactions are created by living organisms such as fireflies (Lampyridae); other organisms 
possessing blolumlnescence include, but may not be limited to, varying species of more than forty orders or groups of 
bacteria, fungi, dinoflagellates, jellyfish, squid, echinodemns (starfish), cordates (worms), molluscs, arthropods (crabs 

50 and shrimp), fish (near-surface or deep-sea), beetles, and fireflies. Bacteria have been observed to form symbiotic 
relations with species offish and jellyfish, which subsequently become luminous (photophore). However, some organ- 
isms are self-luminous by use of photogenic organs containing photocysts and the internal production of required 
chemicals for luminescence. Bioluminescence is a prevalent property of deep-sea fish and other organisms. It has 
been discovered that more than 70.0% of species in the deep sea produce light to compensate for the lack of sunlight 

55 they cannot receive in the deep water. Insects are the most common land inhabitants with the ability to produce their 
own light, which may be simple, like a camouflaged flap of skin, or complex, with reflectors, chromatophore filters, and 
a lens. Found most exclusively in photogenic zoological subjects (but also in two groups of botanical groups), biolu- 
minescence- or chemilumlnescence- may be defined as the voluntarily or Involuntarily emission of visible light at rel- 



5 

BNSDOCIO: <EP 1411604A2J_> 



EP 1 411 604 A2 

atively low temperatures by living organisms which lacks the generation of much heat, the result of the exergonic 
oxidation process of chemical compound, luciferin, as produced by cells, where energy is converted into light, A second 
type of light emission is also recognized as either photoluminescence, fluorescence, or phosphorescence: the invol- 
untary emission of light of an organism, dependant upon the prior absorption of light, Including ultraviolet wavelengths. 
s [0023] Chemiluminescent reactions are demonstrated by a Cyalume lightstick™, otherwise known as a chemllumi- 
nescent flare. This chemiluminescent flare is made of a flexible plastic tube containing a thin-walled glass tube. Inside 
the glass tube is a solution of hydrogen peroxide, H202, dissolved in a phthallc ester Outside the glass tube is a 
solution containing a phenyl oxalate ester and a fluorescent dye. (In the yellow-green lightsticks the dye is 9,10-bis 
(phenylethynyl)anthracene.) When the lightstick is bent, the thin-walled glass tube breaks and its contents mix with 

10 the solution outside. Then, the H2O2 reacts with the phenyl oxalate ester. During the reaction, an Intennediate loms 
that transfers energy to the dye molecules. The energized dye molecules release this energy as visible light. The 
process in which energy from a chemical reaction is released directly as light is called chemiluminescence. 
[0024] A schematic of a vertical cavity organic laser device 10 is shown in FIG. 1 . The substrate 20 can either be 
light transmisslve or opaque, depending on the intended direction of optical pumping and laser emission. Light trans- 

'5 missive substrates may be transparent glass, plastic, or other transparent materials such as sapphire. Alternatively, 
opaque substrates Including, but not limited to, semiconductor material (e.g. silicon) or ceramic material may be used 
in the case where both optical pumping and emission occur through the same surface. On the substrate 20 is deposited 
a bottom dielectric stack 30 followed by an organic active region 40. A top dielectric stack 50 is then deposited. A pump 
beam 60 optically pumps ihe vertical cavity organic laser device 10. Pump beam source 65 may emit an incoherent 

20 pump beam 60, such as emission from a light-emitting diode (LED). Alternatively, the pump beam 60 may originate 
from a coherent laser source. FIG. 1 shows laser emission 70 from the top dielectric stack 50. Alternatively, the laser 
device could be optically pumped through the top dielectric stack 50 with the laser emission through the substrate 20 
by proper design of the dielectric stack reflectivities. In the case of an opaque substrate, such as silicon, both optical 
pumping and laser emission occur through the top dielectric stack 50. 

25 [0025] The preferred material for the organic active region 40 is a small-molecular weight organic host-dopant com- 
bination, typically, deposited by high-vacuum thermal evaporation. These host-dopant combinations are advantageous 
since they result in very small unpumped scatteringyabsorption losses for the gain media. It is preferred that the organic 
molecules be of small-molecular weight since vacuum-deposited materials can be deposited more unifomnly than spin- 
coated polymeric materials. It is also preferred that the host materials used in the present invention are selected such 

30 that they have sufficient absorption of the pump beam 60 and are able to transfer a large percentage of their excitation 
energy to a dopant material via Forster energy transfer. Those skilled in the art are familiar with the concept of Forster 
energy transfer, which involves a radiationless transfer of energy between the host and dopant molecules. An example 
of a useful host-dopant combination for red-emitting lasers is aluminum tris{8-hydroxyquinoline) (Alq) as the host and 
[4-(dlcyanomethylene)-2-t-butyl-6-(1,1,7,7-tetramethyljulolidyl-9-enyl)-4H-pyran] (DCJTB) as the dopant (at a volume 

55 fraction of 1%). Other host-dopant combinations can be used for other wavelength emissions. For example, in the 
green a useful combination is Alq as the host and [1 0-(2-benzothiazolyl)-2,3,6,7-tetrahydro-1 , 1 ,7,7-tetramethyl-1 H,5H, 
11H-[1]Benzopyrano[6,7,8-ij]quinolizin-11-one] (C545T) as the dopant (at a volume fraction of 0.5%). Other organic 
gain region materials can be polymeric substances, e.g., polyphenylenevinylene derivatives, dialkoxy-polyphenylenev- 
inylenes, poly-para-phenylene derivatives, and polyfluorene derivatives, as taught by Wolk et al. in commonly assigned 

40 U.S. Patent No. 6,1 94,11 9 issued February 27, 2001 , and titled "Thennal Transfer Element And Process For Forming 
Organic Electroluminescent Devices," and referenced herein. 

[0026] The bottom and top dielectric stacks 30 and 50, respectively, are preferably deposited by conventional elec- 
tron-beam deposition and can comprise alternating high index and low Index dielectric materials, such as, T1O2 and 
SiOg, respectively. Other materials, such as TagOg for the high index layers, could be used. The bottom dielectric stack 
30 is deposited at a temperature of approximately 240*^0. During the top dielectric stack 50 deposition process, the 
temperature is maintained at around 70^*0 to avoid melting the organic active materials. In an alternative embodiment 
of the present invention, the lop dielectric stack 50 is replaced by the deposition of a reflective metal mirror layer. 
Typical metals are silver or aluminum, which have reflectivities in excess of 90%. In this alternative embodiment, both 
the pump beam 60 and the laser emission 70 would proceed through the substrate 20. Both the bottom dielectric stack 
30 and the top dielectric stack 50 are reflective to laser light over a predetermined range of wavelengths, in accordance 
with the desired emission wavelength of the vertical cavity organic laser device 10. 

[0027] The use of a vertical microcavity with very high finesse allows a lasing transition at a very low threshold (below 
0.1 W/cm2 power density). This low threshold enables incoherent optical sources to be used for the pumping instead 
of the focused output of laser diodes, which is conventionally used in other laser systems. An example of a pump 
55 source is a UV LED, or an array of UV LEDs, e.g. from Cree (specifically the XBRIGHT® 900 Ultraviolet Power Chip 
(E> LEDs). These sources emit light centered near 405 nm wavelength and are known to produce power densities on 
the order of 20 W/cm2 in chip form. Thus, even taking into account limitations in utilization efficiency due to device 
packaging and the extended angular emission profile of the LEDs, the LED brightness is sufficient to pump the laser 
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cavity at a level many times above the lasing threshold. 

[0028] The efficiency of the laser is innproved further using an active region design as depicted in FIG. 2 for the 
vertical cavity organic laser device 80. The organic active region 40 includes one or nnore periodic gain regions 100 
and organic spacer layers 1 1 0 disposed on either side of the periodic gain regions 1 00 and arranged so that the periodic 

5 gain regions 1 00 are aligned with antinodes 1 03 of the device's standing wave electromagnetic field 1 20. This is illus- 
trated in FIG. 2 where the laser's standing electromagnetic field pattern 120 in the organic active region 40 is sche- 
matically drawn. Since stimulated emission is highest at the antinodes 103 and negligible at the nodes 105 of the 
electromagnetic field, it is inherently advantageous to fomn the active region 40 as shown in FIG. 2. The organic spacer 
layers 110 do not undergo stimulated or spontaneous emission and largely do not absorb either the laser emission 70 

10 or the pump beam 60 wavelengths. An example of an organic spacer layer 110 is the organic material 1 ,1-Bis-(4-bis 
(4-methyl-phenyl)-amino-phenyl)-cyclohexane (TAPG). TAPC works well as the spacer material since it largely does 
not absorb either the laser emission 70 or the pump beam 60 energy and, in addition, its refractive index is slightly 
tower than that of most organic host materials. This refractive index difference is useful since it helps in maximizing 
the overlap between the electromagnetic field antinodes 112 and the periodic gain region(s) 100. As will be discussed 

15 below with reference to the present invention, employing periodic gain region(s) 100 instead of a bulk gain region 
results in higher power conversion efficiencies and a significant reduction of the unwanted spontaneous emission. The 
placement of the periodic gain region(s) 100 is determined by using the standard matrix method of optics (Scott W. 
Corzineetal., IEEE Journal of Quantum Electronics, Vol. 25, No. 6, June 1989, pages 1513-1524). To get good results, 
the thicknesses of the periodic gain region(s) 1 00 need to be at or below 50 nm in order to avoid unwanted spontaneous 

20 emission. The laser can be increased in area while maintaining a degree of spatial coherence by utilizing the phase- 
locked organic laser array 1 90 as depicted in FIG. 3. In order to form a two-dimensional phase-locked laser array 190, 
lasing pixels 200 separated by inter-pixel regions 210 need to be defined on the surface of the VCSEL. To obtain phase 
locking, intensity and phase information should, preferably, be exchanged amongst the lasing pixels 200. This is best 
obtained by weakly confining the laser emissions to the pixel regions by either small amounts of built-in index or gain 

25 guiding, e.g. by modulating the reflectance of one of the mirrors. In one embodiment, the reflectance modulation was 
affected by patterning and forming an etched region 220 In the bottom dielectric stack 30, using standard photolitho- 
graphic and etching techniques, thus forming a two-dimensional array of circular pillars 221 on the surface of the bottom 
dielectric stack 30. The remainder of the organic laser microcavity structure is deposited upon the patterned bottom 
dielectric stack 30 as described above. In one embodiment, the shape of the laser pixels is circular; however, other 

30 pixel shapes are possible, such as rectangular, for example. The inter-pixel regions 210 is In the range of 0.25 to 4 
^im. Phase-locked array operation also occurs for larger inter-pixel regions 210; however it leads to inefficient usage 
of the optical-pumping energy. The etch depth is preferred to be from 200 to 1 000 nm deep to form etched region 220. 
By etching just beyond an odd number of layers into the bottom dielectric stack 30, it is possible to affect a significant 
shift of the longitudinal mode wavelength in the etched region away from the peak of the gain media. Hence, lasing 

35 action is prevented and spontaneous emission is significantly reduced in the inter-pixel regions 21 0. The end result of 
the formation of etched region 220 is that the laser emission is weakly confined to the lasing pixels 200, no lasing 
originates from the inter-pixel regions 210, and coherent phase-locked laser light is emitted by the array 190. 
[0029] One other advantage of the organic VCSEL devices, also herein referred to as organic laser cavity devices 
and used interchangeably, is that they can be easily fabricated into arrays of individually-addressable elements. In 

40 such arrays, each element would be incoherent with neighboring elements and pumped by a separate pump source 
(e.g. LED or group of LEDs). The arrays could either be one-dimensional (linear) or two-dimensional (area) depending 
on the requirements of the application. The elements in the array can also comprise multiple host-donor combinations 
and/or multiple cavity designs such that a number of wavelengths could be produced by a single array. 
[0030] Referring to FIG. 4, a cross-section illustration of an inactivated chemically illuminated laser flare 240 is shown. 

45 The Inactivated chemically Illuminated laser flare 240 could be deployed for use to target weapons systems, or as a 
signaling, search and rescue, or communications device. Due to the chemically produced light and lack of electronic 
components and processes the inactivated chemically illuminated laser flare 240 has no electromagnetic signature 
either in the non-deployed or deployed state. In addition, since the inactivated chemically illuminated laser flare 240 
can be made almost exclusively from non-metallic materials, it would be extremely difficult to detect with convention 

so metal detection means. The chemical reaction is triggered by combining two liquid chemical constituents that are 
normally sealed from each other by membrane 280. The liquids are held in a chambered container that serves as a 
flare housing 250. Flare housing 250 may be transparent or opaque depending on required application and may be a 
mirrored interior surface to increase the amount of available light. Activator solution 260 is HgOg, dissolved In a phthalic 
ester and chemiluminescent solution 270 is phenyl oxalate ester and a fluorescent dye. A force may be applied to 

55 flexible bellows manually, as a result of falling from several feet, e.g., as with being dropped from an airplane, or 
propelled at a surface, e.g., such as with a pneumatic or explosive type weapon. The bellows 290 are shown in their 
collapsed state in FIG. 5 as collapsed bellows 330. The collapsed bellows 330 Increases the pressure on activator 
solution 260, resulting in ruptured membrane 320. The activator solution 260 mixes with the chemiluminescent solution 
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270 and begins to emit light. The chemically generated light passes through a diffusing filter 300 which can be trans- 
parent material such as polyurethane, plastic, or glass. The diffusing filter 300 may also incorporate a sintered fiber 
optic bundle, dichroic mirror, or a color filter. In general, the diffusing filter 300 removes unwanted wavelengths of light 
from the photon source light beam, and can provide uniform illumination of the organic cavity. Diffusing filter 300 is in 

5 Close proximity with the phase-locked organic array 190. It may be held in position with proximity spacers or optical 
adhesives, not shown. Optional shroud 310 may be included to restrict the viewing angle of laser emission 70. Those 
skilled in the art would realize that the phase-locked organic array 1 90 could be replaced by the vertical cavity organic 
laser device 10 or 80 as depicted in FIGS. 1 and 2. Additionally, It may be advantageous to employ a multi-wavelength 
array of organic laser cavity devices. The use of such an array would enable more than one wavelength of light to be 

10 produced as a result of chemiluminescent, bloluminescent, and radioluminescent processes. 

[0031] FIG. 5 illustrates an activated chemically illuminated laser 245. Force has been applied to collapsed bellows 
330. The combined activator 260 and chemiluminescent solution 270 forming activated chemiluminescent solution 
340. Photons produced from this reaction pass through diffusing filter 300 and through phase-locked organic array 190 
forming laser emission 70. 

15 [0032] FIG. 6 illustrates a non-deployed laser flare 240 with interchangeable tip assembly 350 having optional tips 
that include a piercing tip 360, barbed tip 370, and a bludgeon tip 380. Due to the narrow view angle of the laser 
emission 70 the laser flare 240 could be held in a fixed position when activated. The optional tips provide different 
mounting options depending on conditions. For example, the piercing tip 360 may be used if the laser flare 240 is to 
be manually activated and attached to hard structures, like the roof of a building or a tree; or the bludgeon tip 380 may 

20 be used if the laser flare 240 is dropped from a height onto a natural surface such as earth or sand to deploy on impact. 
[0033] FIG. 7 illustrates a modular laser flare 400 with modular attachment means 420, which can be, but are not 
limited to, a screw type thread attached to time delay actuator module 41 0. The components of module 41 0 Include a 
capsule filled with liquid acetone, with is used to react with and erode styrene actuator bar 470 over time. The time for 
this reaction can be predetermined by the concentration of acetone used and can range from hours to days. Also 

25 included is interchangeable tip assembly 350 with suction cup/stand tip 390, a sealed acetone capsule 430, an acetone 
capsule striker 440, actuator spring 450, and actuator tube 460. 

[0034] FIG. 8 illustrates a laserflare configured as an aerial dart 480 with tapered activator section 485 and attachable 
guidance fin assembly 490 used to ensure that the tapered activator section 485 makes contact with an intended target 
or surface. Similarly, FIG. 9 illustrates a modular laser flare 400 with time delay actuator module 41 0 and guidance fin 

30 assemble 490. FIGS. 1 0a, 1 0b, and 1 0c illustrate the same modular components including a first and second section 
(FIGS. 10a and 10b, respectively), and a guidance fin assembly (FIG. 1 0c), disassembled. The chemical reaction can 
be triggered by the initial impact or could be time delayed by use of a chemical or mechanical timer. 
[0035] FIG. 1 1 illustrates time delay actuator module 41 0 which has absorbed the activation force created manually 
or from impact by the movement of acetone capsule striker 440 which ruptures sealed acetone capsule 430 (also 

35 shown clearly in FIGS. 7 and 9) releasing liquid acetone and collapsing the capsule 435. The acetone begins to react 
with intact styrene actuator470. Styrene actuator 470 maintains the position of actuatortube 460 and collapsed actuator 
spring 450. Styrene actuator 470 begins to erode over time. 

[0036] FIG. 12 illustrates an activated modular laserflare 405. Styrene actuator bar has been eroded 475 releasing 
the pressure of expanded spring 465, moving actuator tube 460 collapsing activator bellows 330, which ruptures mem- 
40 brane valve 320. Activator solution 260 is mixed with chemiluminescent solution 270 (shown in FIG. 11 ) fomning acti- 
vated chemiluminescent solution 340 causing laser emission 70. Optionally styrene actuator bar 470 may be manually 
removed to instantly activate the device. 

[0037] FIGS. 1 3a through 1 3f illustrates various physical configurations of the phase-locked organic laser array 1 90 
each with different viewing angle characteristics. FIG. 13a is the standard configuration laser flare with view angle 
45 restricting shroud 310. FIG. 1 3b illustrates a laserflare with tapered activation section 485 and guidance fin assembly 
490. FIG. 13c illustrates surface mounted phase-locked organic laser array 500. FIG. 13d illustrates hemispheric 
shaped laser array 51 0. FIG. 13e illustrates polyhedron shaped laser array 520. FIG. 13f illustrates a cylinder-shaped 
laser array 530. 

[0038] FIG. 14a illustrates a disk-shaped chemical illuminator with housing 250, activator solution 260, bellows 290, 
so membrane valve 280, and chemiluminescent solution 270. This alternative shape is intended to illustrate that multiple 
sizes and shapes of this device is possible depending on the intended application. 

[0039] FIG. 14b illustrates a side view of a disk-shaped chemical illuminator with integrated diffuser/f liter 300. 
[0040] FIG. 15a illustrates a ring-shaped chemical illuminator with housing 250, activator solution 260, bellows 290, 
membrane valve 280, and chemiluminescent solution 270. This alternative shape is intended to illustrate that multiple 
55 sizes and shapes of this device is possible depending on the intended application. 

[0041] FIG. 15b illustrates a side view of a ring-shaped chemical illuminator with integrated diffuser/filter 300. 
[0042] FIG. 16a illustrates a side cross-sectional view of a disk-shaped laser flare 240 phase-locked organic laser 
an-ay 1 90 and signal template 540. Signal template 540 is used to selectively mask the laser emission 70, not shown. 
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[0043] FIG. 16b illustrates an unmasked laser flare, which generates a large area laser emission. 
[0044] FIG. 16c Illustrates how a signet template 540 Is used to create visible patterns such as alphanumeric char- 
acters, shapes, pointers etc. 

[0045] FIG. 1 7a illustrates a cross-sectional side view of audio modulated laser flare 550, including an opaque hous- 
5 Ing 600. Chemically generated light passes through diffuser filter 300, reflects off of mirror 580, through light baffle 560 
and onto phase-locked organic laser array 190. Mirror 580 is attached to flexible cone 570. When a user, not shown, 
speaks through protective grid 590, vibrations cause flexible cone 570 and mirror 580 to vibrate. Flexible cone 570 is 
made of a thin membrane of a flexible material such as rubber or polyurethane. The vibrating mirror 580 changes the 
intensity of light that reaches phase-locked organic laser array 190, therein modulating the laser emission generated. 
10 [0046] FIG. 1 7b Illustrates a cross-sectional front view of audio modulated laser flare 550 Illustrating a ring-shaped 
chemical light source and large area phase-locked organic laser array 190. 

[0047] FIG. 1 8a is a perspective view of a non-deployed audio modulated laser flare 550 with closed protective cover 
610 and extended bellows 290. 

[0048] FIG. 18b is a perspective view of an activated audio modulated laser flare 550 with opened protective cover 
IS 610 and collapsed bellows 330. Mounting spike 620 is used to secure the audio modulated laser flare 550 to a stable 
structure and hinge 630 is also used to maintain position. 

[0049] FIG. 1 9 is a perspective view of a flexible chemically illuminated laser sheet 640 composed of multiple layers 
including flexible activator pouch 650, flexible chemllumlnescent pouch 660, flexible diffuser 670, and flexible substrate 
phase-locked organic laser array 680. 
20 [0050] FIG. 20a illustrates a cross-sectional side view of a flexible chemically illuminated laser sheet 640 with sealed 
membrane valve 280. This prevents activator solution 260 from contacting chemllumlnescent solution 270 until sealed 
membrane valve 280 is opened. 

[0051] FIG. 20b illustrates a cross-sectional side view of a flexible chemically illuminated laser sheet 640. When 
pressure is applied to the assembly, scaled valve 280 is opened 320 allowing activator solution 260 to mix with chemi- 

25 luminescent solution 270 forming the light generated activated chemiluminescent solution 340 which passes though 
flexible diffuser filter 670 causing flexible substrate phase-locked organic laser array 680 to produce laser emission 70. 
[0052] FIG. 21 is a perspective view of a flexible radio illuminated laser sheet 690 composed of multiple layers 
including a flexible radio illuminator such as radium paint or a radium emulsion 700, flexible diffuser 670, and flexible 
substrate phase-locked organic laser array 680. 

30 [0053] FIG. 22 is a cross-sectional side view of a flexible radio illuminated laser sheet 690 composed of multiple 
layers including a flexible radio-illuminator such as radium paint or a radium emulsion 700, flexible diffuser 670, and 
flexible substrate phase-locked organic laser array 680. The constant source of photons from the flexible radio illumi- 
nator 700, passes through the flexible diffuser 670, causing the flexible substrate phase-locked organic laser array 680 
to produce laser emission 70. This device will provide a continuous laser emission as long as the radio illuminator 700 

35 emits photons. This reaction and laser emission will last for years. 

[0054] FIG. 23 is a perspective view of a radio illuminated laser emitter 710 with radio illuminator 720, diffuser filter 
300, and phase-locked laser array 190. Mounting spike 620 is used to attach the laser emitter 710 to an object, such 
as a vehicle or a fixed location. Other mounting options, previously mentioned, may also be used. 
[0055] FIG. 24 is schematic cross-sectional side view of a radio illuminated laser emitter 710. Photons generated 

40 from radio illuminator 720 pass through diffuser filter 300, causing phase-locked laser array 190 to produce laser 
emission 70. 

[0056] FIG. 25 is schematic cross-sectional side view of a radio illuminated laser emitter 710. Photons generated 
from radio illuminator 720 pass through diffuser filter 300, causing multi-wavelength laser an^ay 725 to produce laser 
output emissions, 730 and 740. 
45 [0057] The organic laser cavity devices, wherein the external self-contained photon source is activated by a cheml- 
lumlnescent reaction. 

[0058] The organic laser cavity devices, wherein the external self-contained photon source is activated by a radio- 
luminescent reaction. 

[0059] The organic laser cavity devices, wherein the external self-contained photon source is activated by a biolu- 
50 minescent reaction. 

[0060] The organic laser cavity devices, wherein the external self-contained photon source is caused by mixing a 
chemiluminescent solution with an activator solution. 

[0061] The organic laser cavity devices, wherein the external self-contained photon source is a chemiluminescent 
flare. 

55 [0062] The organic laser cavity devices, wherein the external self-contained photon source is activated by a phos- 
phorescence reaction. 

[0063] The organic laser cavity devices, wherein the self-contained photon source is activated by an oxidation re- 
action 
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[0064] The organic laser cavity devices, wherein the self-contained photon source is energized by a radiological 
reaction. 

[0065] The organic laser cavity devices, wherein the radiological reaction is produced by radium. 

[0066] The organic laser cavity devices 1 4, further comprising: a diffusing filter for producing uniform illumination of 

5 the organic laser cavity, 

[0067] An organic laser cavity devices, comprising: a) a first dielectric stack for receiving and transmitting pumped 
beam light and being .reflective to laser light over a predetermined range of wavelengths and having a substantially 
low threshold for optical excitation; b) an organic active region for receiving the transmitted pumped beam light and 
laser light from the first dielectric stack, and emits laser light; c) a second dielectric stack for reflecting the transmitted 

10 pumped beam light and the laser light from the organic active region back into the organic active region, wherein a 
combination of the first and second dielectric stacks and the organic active region outputs the laser light; d) an external 
self-contained photon source of the pumped beam light cooperating with the organic laser cavity for optical excitation 
at the substantially low threshold; and e) means for modulating intensity of the pumped beam light. 
[0068] The means for modulating intensity of the pumped beam light, and being selected from the group consisting 

15 of: mechanical and acoustical. 

[0069] A plurality of arranged organic laser cavity devices producing one or more wavelengths of laser light, com- 
prising: a) a first dielectric stack for receiving and transmitting pumped beam light and being reflective to laser light 
over a predetennined range of wavelengths and having a substantially low threshold for optical excitation; b) an organic 
active region for receiving the transmuted pumped beam light and laser light from the first dielectric slack, and emits 

20 laser light; c) a second dielectric stack for reflecting the transmitted pumped beam light and the laser light from the 
organic active region back into the organic active region, wherein a combination of the first and second dielectric stacks 
and the organic active region outputs the one or more wavelengths of laser light; and d) an external self-contained 
photon source of the pumped beam light cooperating with each of the organte laser cavities for optical excitation at the 
substantially low threshold. 

25 [0070] A laser emission device comprising at least one organic laser cavity, wherein laser emission is triggered by 

a mixing of a chemiluminescent solution and activator solution enabled by a physical force. 

[0071] The laser emission device, wherein the physical force initiates a time delay for the mixing of the chemilumi- 
nescent solution and activator solution. 

30 

Claims 

1 . An organic laser cavity device, comprising: 

35 a) a first dielectric stack for receiving and transmitting pumped beam light and being reflective to laser light 

over a predetermined range of wavelengths and having a substantially low threshold for optical excitation; 

b) an organic active region for receiving the transmitted pumped beam light and laser light from the first die- 
lectric stack, and emits the laser light; 

c) a second dielectric stack for reflecting the transmitted pumped beam light and the laser light from the organic 
^0 active region back into the organic active region, wherein a combination of thefirst and second dielectric stacks 

and the organic active region outputs the laser light; and 

d) an external self-contained photon source of the pumped beam light cooperating with the organic laser cavity 
for optical excitation at the substantially low threshold., 

45 2. The organic laser cavity device as claimed in claim 1 , wherein the external self-contained photon source Is activated 
by a chemiluminescent reaction. 

3. The organic laser cavity device as claimed in claim 1 , wherein the external self-contained photon source is activated 
by a radiolumtnescent reaction. 

50 

4. The organic laser cavity device as claimed in claim 1 , wherein the external self-contained photon source is activated 
by a bioluminescent reaction. 

5. The organic laser cavity device as claimed in claim 2, wherein the external self-contained photon source is caused 
55 by mixing a chemiluminescent solution with an activator solution. 

6. The organic laser cavity device as claimed in claim 2, wherein the external self-contained photon source is a 
chemiluminescent flare. 
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7. The organic laser cavity device as claimed in claim 1 , wherein the external self-contained photon source is activated 
by a phosphorescence reaction. 

8. The organic laser cavity device as claimed in claim 1 , wherein the self-contained photon source Is activated by an 
5 oxidation reaction 

9. The organic laser cavity device as claimed in claim 1 , wherein the self-contained photon source is energized by 
a radiological reaction. 

10 10. The organic laser cavity device as claimed in claim 9, wherein the radiological reaction is produced by radium. 

11. The organic laser cavity device as claimed in claim 1 , further comprising: 

a diffusing filter for producing uniform illumination of the organic laser cavity. 

12. An organic laser cavity device, comprising: 



IS 



a) a first dielectric stack for receiving and transmitting pumped beam light and being reflective to laser light 
over a predelemnined range of wavelengths and having a substantially low threshold for optical excitation; 
20 b) an organic active region for receiving the transmitted pumped beam light and laser light from the first die- 

lectric stack, and emits laser light; 

c) a second dielectric stack for reflecting the transmitted pumped beam light and the laser light from the organic 
active region back into the organic active region, wherein a combination of the first and second dielectric stacks 
and the organic active region outputs the laser light; 
25 d) an external self-contained photon source of the pumped beam light cooperating with the organic laser cavity 

for optical excitation at the substantially low threshold; and 
e) means for modulating Intensity of the pumped beam light. 

13. The means for modulating intensity of the pumped beam light as claimed in claim 12 and being selected from the 
30 group consisting of: mechanical and acoustical. 

14. A plurality of uniformly arranged organic laser cavity devices, comprising: 

a) a first dielectric stack for receiving and transmitting pumped beam light and being reflective to laser light 
35 over a predetermined range of wavelengths and having a substantially low threshold for optical excitation; 

b) an organic active region for receiving the transmitted pumped beam light and laser light from the first die- 
lectric stack, and emits laser light; 

c) a second dielectric stack for reflecting the transmitted pumped beam light and the laser light from the organic 
active region back into the organic active region , wherein a combination of the first and second dielectric stacks 

40 and the organic active region outputs the laser light: and 

d) an external self-contained photon source of the pumped beam light cooperating with each of the organic 
laser cavities for optical excitation at the substantially low threshold. 

45 
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FIG. 1 4a FIG. 14b 
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